Onopordum acanthium has been considered in traditional medicine to be effective against different cancers. The chloroform extracts of the root, which displayed antiproliferative effect against human tumor cell lines, was subjected to bioactivity-guided multistep chromatographic separation. This experiment resulted in the isolation of the sesquiterpene lactones 4β,14-dihydro-3-dehydrozaluzanin C (1), zaluzanin C (2) and 4β,15,11β,13-tetrahydrozaluzanin C (3), the neolignan nitidanin-diisovalerianate (4), besides 13-oxo-9Z,11E-octadecadienoic acid (5), 24-methylenecholesterol (6), α-linolenic acid, linoleic acid, stigmasterol and β-sitosterol. The structures of the isolated compounds were established through analytical data (NMR, MS), and by comparison of these with those reported in the literature. All the aforementioned compounds were detected for the first time from this plant. The antiproliferative activities of compounds 1-6 were assessed on cervix adenocarcinoma HeLa, breast adenocarcinoma MCF7 and skin epidermoid carcinoma A431 cells by using the MTT assay. It was found that, 4β,14-dihydro-3-dehydrozaluzanin C (1), the most active antiproliferative compound of the extract, exerted remarkable tumor cell growth inhibitory activity (IC 50 2.7-15.1 µM).
Onopordum acanthium, scotch thistle (Asteraceae, tribe Cardueae), is a biennial plant native to Europe and Asia and naturalized in various parts of the world, including Hungary. The juice of this plant has been considered in traditional medicine to be effective against cancerous ulcers, carcinoma of the face and other cancers [1] . The aqueous extract of the aerial parts of O. acanthium increased natural killer cell response against YAC tumor targets [2, 3] . Other works reported the apoptotic activity of the related species O. cynarocephalum on colon cancer and melanoma cell lines [4, 5] . As part of our screening program for the antitumor substances of the Asteraceae, lipophilic and aqueous extracts of aerial parts and roots of O. acanthium have been assayed on HeLa, MCF-7 and A-431 human cancer cells, and the chloroform-soluble leaf and root extracts displayed significant cell growth inhibitory potency (70.5-85.1% and 53.1-87.1%, respectively) at 10 µg/mL concentration [6] .
As concerns the bioactive compounds of scotch thistle, only the presence of four acetylenic compounds from the root extract has been described [7] . Metabolites isolated from the aerial parts of the plant include the germacranolide sesquiterpenes, onopordopicrin and arctiopicrin, fIavonoids, triterpenes, sterols, lipids, nitrogencontaining compounds, phenolic acids and coumarins [8] . The present study was aimed at the evaluation of the antitumor constituents of the root of O. acanthium through a bioactivitydirected investigation.
The methanolic extract of dried roots of O. acanthium was subjected to solvent-solvent partition, yielding n-hexane (A), chloroform (B) and aqueous methanolic extracts (C). Extract (B), which exhibited high antiproliferative activities against HeLa, MCF-7 and A-453 cells [6] , was fractionated by vacuum liquid chromatography on silica gel, resulting in sixteen main fractions (I-XVI). These were evaluated for antiproliferative activity (Table  1) , and the most effective fractions (Fr III, V and VI) were subjected then to multiple chromatographic separation, including Three guaianolide sesquiterpenes, 4β,14-dihydro-3dehydrozaluzanin C (1), zaluzanin C (2) and 4β,15,11β,13tetrahydrozaluzanin C (3), the neolignan nitidanin-diisovalerianate (4), and the oxylipin 13-oxo-9Z,11E-octadecadienoic acid (5) were identified besides 24-methylenecholesterol (6), α-linolenic acid, linoleic acid and mixtures of β-sitosterol and stigmasterol. Compounds, with the exception of β-sitosterol and stigmasterol, were isolated for the first time from O. acanthium. 4β,14-Dihydro-3-dehydro-zaluzanin C (1) and zaluzanin C (2) were isolated earlier only from one Onopordum species (O. laconicum) [8] , while 4β,15,11β,13-tetrahydrozaluzanin C (3) was reported previously only from Ainsliaea fragrans [9] and Echinops ritro [10] . Interestingly, from the leaves of O. acanthium, germacranolide sesquiterpenes (onopordopicrin and arctiopicrin) were reported in the literature [11, 12] , while in our experiment guaianolide derivatives (1-3) were isolated from the roots. Structures of compounds 1-6. The isolated compounds 1-6 were investigated for their antiproliferative activity on HeLa, MCF-7 and A-431 cell lines using cisplatin as positive control ( Table 2) .
The most active isolated component was 4β,14-dihydro-3dehydrozaluzanin C (1), which exhibited an overall antiproliferative capacity comparable with that of the reference agent cisplatin. Since other tested natural products elicited less than 50% growth inhibition at 30 µg/mL, with the exception of nitidanin diisovalerianate (4) against HeLa and zaluzanin C (2) against MCF-7 cells, these were considered ineffective. However, the 30 µg/mL limit is arbitrary and these less potent components may substantially contribute to the overall antiproliferative action of the extract and its fractions, especially if a synergism develops between them. Although the cytotoxic activity of zaluzanin C (2) has been reported against human colon carcinoma and lung carcinoma [13, 14] , in our test its derivative, 4β,14-dihydro-3dehydrozaluzanin C (1), revealed higher activities on cervix adenocarcinoma, breast adenocarcenoma and skin epidermoid carcinoma cells.
In general, the anticancer properties of sesquiterpene lactones have been extensively investigated and well documented in the literature, and four major sesquiterpene lactones have reached phase I-II cancer clinical trials, namely thapsigargin from Thapsia garganica (Apiaceae), artemisinin and artesunate from Artemisia annua, and parthenolide from Tanacetum parthenium (Asteraceae) [15] . The mechanism behind the anticancer activity of sesquiterpene lactones is the induction of cell cycle arrest, promotion of cell differentiation and apoptosis [16] . The molecular basis among others may include inhibition of NF-κB and stimulation of apoptosis by accumulation of reactive oxygen species (ROS) and by regulating the levels of anti-apoptotic and pro-apoptotic proteins. Selective antineoplastic effects with no cytotoxicity to normal cells have also been reported for some sesquiterpene lactones [16] .
Our study, resulting in the identification of a promising sesquiterpene lactone, 4β,14-dihydro-3-dehydrozaluzanin C (1) with considerable antiproliferative activity against the tested cancer types, underlines the importance of sesquiterpene lactones as promising natural products for tumor chemotherapy. Compound 1 possesses the structural features held to be very relevant for the antiproliferative activity (guaianolide skeleton and α-methylene-γlactone ring) [17] . Comparison of the structure and activity of 1 and 2 suggested that very little variation of the structure (3-keto-4methyl or 3-hydroxy-4-methylene) can change dramatically the antiproliferative activity, which is not merely related to the presence of the unsaturated lactone functional group. A similar observation was published also for antitumor triterpenes [18] .
However, further studies are needed for the better understanding of the mode of action of 4β,14-dihydro-3-dehydrozaluzanin C (1). (Table 1) and were further processed.
Fr III (eluted with n-hexane-EtOAc 7:3) was subjected to RP-VLC (VLC-2), applying a gradient system of EtOAc-MeOH with decreasing polarity. Sub-fraction III/4, eluted with EtOAc-MeOH 3:7 in this separation, was purified by normal-phase PLC in two steps, first with a solvent system of CHCl 3 -MeOH 19:1 (PLC-1) and then with n-hexane-EtOAc 3:2 (PLC-2), which resulted in the isolation of compound 6 (8.0 mg). The same methods were used for the purification of sub-fraction III/8 (PLC-3 and PLC-4), eluted with EtOAc-MeOH 2:3 from VLC-2, to yield the mixture of β-sitosterol and stigmasterol (11.5 mg).
Fr V (eluted with n-hexane-EtOAc 3:2) was separated via centrifugal planar chromatography (CPC-1), using Fr VI (eluted with n-hexane-EtOAc-MeOH 12:8:1) was processed by means of RPC, with the application of gradient elution on silica gel (RPC-2, cyclohexane-CH 2 Cl 2 -MeOH). The purification of sub-fraction VI/3 of this chromatography (eluent: above system at 14 Nitidanin-diisovalerianate (4): all spectral characteristic are identical with published data [22] . (5) : colorless oil; MS and NMR data are in good agreement with published data [23] .
13-Oxo-9Z,11E-octadecadienoic acid

24-Methylenecholesterol (6)
1 H-and 13 C-NMR data are identical with those published [24] .
α-Linolenic acid and linoleic acid were identified on the basis of 1 H and 13 C-NMR and ESI-MS.
β-Sitosterol+stigmasterol were identified on the basis of spectroscopic data and with direct comparison with authentic samples.
